The occurrence of subtropical cyclones over the central North Pacific Ocean has a significant impact on Hawaii's weather and climate. In this study, 70 upper-level lows that formed during the period 1980-2002 are documented. In each case the low became cut off from the polar westerlies south of 30°N over the central Pacific, during the Hawaiian cool season (October-April). The objectives of this research are to document the interannual variability in the occurrence of upper-level lows, to chart the locations of their genesis and their tracks, and to investigate the physical mechanisms important in associated surface development. Significant interannual variability in the occurrence of upper-level lows was found, with evidence suggesting the influence of strong El Niño-Southern Oscillation events on the frequency of subtropical cyclogenesis in this region. Of the 70 upper-level lows, 43 were accompanied by surface cyclogenesis and classified as kona lows. Kona low formation is concentrated to the west-northwest of Hawaii, especially during October and November, whereas lows without surface development are concentrated in the area to the east-northeast of Hawaii. Kona low genesis shifts eastward through the cool season, favoring the area to the east-northeast of Hawaii during February and March, consistent with a shift in the climatological position of the trough aloft during the cool season. Consistent with earlier studies, surface deepening is well correlated with positive vorticity advection by the thermal wind. Static stability and advection of low-level moisture are less well correlated to surface deepening. These results suggest that kona low formation, to first order, is a baroclinic instability that originates in the midlatitudes, and that convection and latent-heat release play a secondary role in surface cyclogenesis.
Introduction
The subtropical areas in the central North Pacific Ocean are affected by upper-level lows throughout the year (Palmen 1949; Palmer 1951) . During the cool season (October-April), these lows originate as troughs that become cut off from the polar westerlies and are the focal points for surface cyclogenesis. The resulting subtropical cyclones are known as kona lows (Simpson 1952; Ramage 1962; Morrison and Businger 2001) . Many leeward areas on the Hawaiian Islands 1 depend on kona lows for a significant fraction of their annual rainfall (Daingerfield 1921; Riehl 1949) . However, kona lows can also produce extensive damage. The weather-related hazards associated with kona lows include severe thunderstorms, high winds, hail, high surf, heavy rains, flash floods, landslides, blizzard conditions at high elevations, waterspouts, and occasional tornados (Schroeder 1977a,b; Businger et al. 1998) . Table 1 describes the five most destructive kona lows that occurred between 1980 and 2002. Simpson (1952) defined a kona low as a cold-core system of large size, with its strongest circulation in the middle and upper troposphere where it is usually cut off from the polar westerlies. Ramage (1962) narrowed the definition of kona lows to only include closed lows that are cut off from the polar westerlies. Ramage argued that a closed low in a large-amplitude trough that is not cut off from the polar westerlies is essentially no different from a trough without the closed contour, and that such lows are essentially midlatitude cyclones. Ramage's definition has been adopted for this research and refined further to only include storms whose center formed or tracked south of 30°N, which is often given as the northern extent of the subtropics (Ramage 1995) , and includes systems that directly impact Hawaii.
Previous research has shown that storm genesis is closely associated with a north-south-oriented jet streak and enhanced potential vorticity aloft ( Fig. 1 ) (Morrison and Businger 2001) . A dry slot in water vapor imagery on the western side of the storm characterizes the location of the jet streak (Fig. 1c) . Kona lows have a thermally direct circulation: warm moist air rises in the southeast quadrant of the storm, where the heaviest rainfall and greatest threat for severe weather exist; cool dry air from the north sinks on the western side of the storm, suppressing clouds and convection. The thermal circulation is enhanced by the latent-heat release from the convective cloud bands on the eastern side of the storm. However, the relative importance of latentheat release on surface cyclogenesis is not well understood. Simpson (1952) noted that, on rare occasions, kona lows gain warm-core characteristics, through latent-heat release, and evolve into tropical cyclones.
Kona lows have extended life cycles (ϳ5 days) and operational numerical weather prediction models have difficulty simulating their evolution and erratic tracks. Convective rainbands propagate to the east, while the mature storm tends to move westward. Thus, new mesoscale rainbands form in the clear air to the west of older bands, adding to the challenge of the forecast (Morrison and Businger 2001) .
A recent climatology of cyclogenesis over the central North Pacific constructed by Otkin and Martin (2004a) included all storms that moved south of 40°N, whether or not the low aloft was cut off from the midlatitude westerlies. They adopt Simpson's broader definition of kona lows and distinguish between three types of cyclogenesis: cold-frontal cyclogenesis cyclones, trade wind easterly cyclones, and cold-frontal cyclogenesis/ trade wind easterly cyclones. The three types are distinguished by the degree of baroclinicity in the troposphere.
The purpose of this study is to investigate the climatology (including the tracks, frequencies, and associated surface cyclogenesis) of upper-level lows that form or propagate into the subtropics and that are cut off from the midlatitude westerlies over the central North Pacific. In these cases, surface fronts are absent, and thus these lows fall generally into one of the last two categories of Otkin and Martin (2004a) . Not all upperlevel lows develop into kona lows (i.e., develop a surface low) and understanding this distinction is a special focus of this research. Deep convection and rainbands can form in conjunction with upper-level lows without surface development, making them of interest to forecasters monitoring for flash flood potential. However, other weather-related hazards that are associated with kona lows, such as severe thunderstorms, high winds, and high surf are not associated with these weaker systems, making the ability to distinguish between the two systems of significant forecast interest. Morrison and Businger (2001) showed in their detailed case study of a kona low that the greatest height anomalies and strongest absolute vorticity values occurred at the 250-mb (1 mb ϭ 1 hPa) level. Therefore, the 250-mb level was selected as an appropriate height (Kalnay et al. 1996) were used in this study. The reanalysis dataset was completed using a T62 (ϳ210-km resolution) global spectral model with 28 vertical levels including parameterizations of all major physical processes. Two atmospheric levels in the reanalysis dataset, the 250-mb level and sea level, benefit from a concentration of in situ and remotely sensed data. Data aloft are acquired from in situ measurements from aircraft, rawinsondes, and satellite data over the central Pacific Ocean. Surface data are gathered from standard observations, ships of opportunity, buoys, and satellite-derived quantities (e.g., winds and SST). Reanalysis data are available on a 2.5°grid at 6-h intervals. The period of study, October 1980-April 2002, was chosen because of the availability of remotely sensed satellite data incorporated into the reanalysis dataset.
Data resources and methods
The domain analyzed in this study encompassed 10°-45°N and 175°E-130°W. For a low to be included in the study it must meet the following criteria: 1) the upper-level low must remain cut off from the polar westerlies for at least 24 h, 2) the upper-level low's center must pass south of 30°N, and 3) the low must occur during the cool season (October-April). The last criterion stems from the observation that few, if any, upper-level cold lows spawn surface cyclones during the remainder of the year. For example, data from the month of September were analyzed and none of the upper-level lows that formed during that month between 1980 and 2002 spawned a surface low. All of the upper-level and surface lows included in this study remained within the study area during their life cycles. If the 250-mb low produced a closed surface low, it was classified as a kona low system. Otherwise, the event was classified as an upper-level low without surface development. Data were collected from the genesis of a 250-mb low, for example, the first appearance of a closed upper-level low that is cut off from the polar westerlies, until the last analysis in which the low is identifiable as a closed-height contour.
Results

a. Interannual variability
Careful analysis of the 250-mb height data for the period 1980-2002 reveals 70 upper-level lows that meet the criteria for this study. Of the 70 lows, 43 are classified as kona lows (Table 2 ) and 27 events as lows without surface development (Table 3 ). There is significant interannual variability in the number of events per cool season during the 22 yr studied (Fig. 2a) . There was an average of approximately three upper-level lows per season, two of which developed into kona lows. The 1990/91 season had a maximum of eight lows, six of which were kona lows. No events occurred in 1980/81 or 1982/83. There were four seasons without kona lows (1980/81, 1982/83, 1984/85, and 1997/98) . A maximum of six kona lows occurred during the seasons of 1985/86 and 1991/92. The number of lows without surface development showed similar interannual variability as the kona lows. There was an average of one event per season, and there were seven seasons with no such events occurring (1980/81, 1982/83, 1983/84, 1985/86, 1989/90, 1991/92, and 1993/94) . A maximum of three events occurred in four seasons (1984/85, 1992/93, 1998/99, and 1999/2000) .
Three strong El Niño events occurred during the years of study : 1982/83, 1991/92, and 1997/98 [National Oceanic and Atmospheric Administration (NOAA)/ Climate Prediction Center)]. In total, only two upperlevel lows occurred during those years, of which only one developed into a kona low. There were also three seasons with moderate to strong La Niña events : 1988/ 89, 1998/99, and 1999/2000 . A total of 15 upper lows, seven of which were kona lows, developed during those years. On average, five upper-level lows with two developing into kona lows, occurred during a moderate to strong La Niña event. These statistics, though not conclusive, suggest a modulation of the frequency of kona low formation in the central North Pacific by the strongest El Niño-Southern Oscillation (ENSO) events. The development of upper-level lows and kona lows is favored during the autumn months of October and November (Fig. 2b) . Twenty-nine of the 43 kona lows (ϳ67%) formed during these two months. There were ϳ15 kona lows per month in October and November, with an average of approximately four kona lows occurring in each of the remaining months of DecemberMarch. The total number of upper-level lows and kona lows peaked during the month of November with 22 total events (16 kona lows).
b. Location of storm genesis
The location of low genesis was determined by identifying where the upper-level low first became cut off from the polar westerlies. Upper-level lows preferentially form in the area to the west-northwest of the Hawaiian Islands during the months of October and November, with an eastward shift in the location of genesis as the season progresses (Fig. 3a) . Consequently, the majority of the kona lows also developed to the west of the Hawaiian Islands during the months of October and November (Fig. 3b) , and there is a similar eastward shift in the genesis location for kona lows during the months of December and January. However, there were only five kona lows that formed in February and March, and those storms either formed well to the northeast or the northwest of the Hawaiian Islands.
An eastward progression in the location of upperlevel lows without surface development is also apparent, with the exception of one low that developed just south of Oahu during the month of February (Fig. 3c ).
There is a clear distinction in the favored genesis locations of kona lows and lows without surface development; 60% of the kona lows formed to the westnorthwest of the Hawaiian Islands, and 60% of the lows without surface development formed to the eastnortheast of the islands (Fig. 3d) . The cause of this difference is a reduction in the strength of the upperlevel cyclonic thermal vorticity advection (CTVA) and a reduction in the meridional component of the winds (Fig. 4) (Sadler 1975) .
c. Storm tracks
The area to the west of the Hawaiian Islands is the favored location for passage of upper-level lows (Fig.  5a ). Over 75% of the kona upper-level lows tracked southward to the west of Hawaii. Also, 39 of the 43 kona upper-level lows had some westward motion during their lifetime. Upper-level lows without surface development tracked southward, predominately to the east of the Hawaiian Islands (Fig. 5b) . The motion of these lows is similar to that of the kona lows, with a majority of the lows exhibiting a westward component to their motion.
The tracks were also determined for the kona surface lows (Fig. 6a) . In some events, the upper-level low formed before there was a closed surface low. Comparison of the upper-level and surface tracks revealed that some of the kona lows became decoupled during the spindown phase (not shown). While a storm is weakening, the upper-level low sometimes separates from the surface low and moves in an entirely different direction. Kona lows tend to move in a southerly direction while deepening (e.g., Fig. 6b ). Once the storms reach their lowest sea level pressure (mature stage), the tracks tend to curve to the west and eventually to the northwest.
Surface development
Previous studies suggest that baroclinic instability is the primary physical mechanism for cyclogenesis in kona lows (Simpson 1952; Ramage 1962; Morrison and Businger 2001; Otkin and Martin 2004a) . Two fundamental questions are investigated in this section: 1) how does surface deepening respond to upper-level forcing, and 2) is there a role for organized convection and latent heating in the development of a surface cyclone that is distinct from the large-scale dynamic forcing provided by moist baroclinicity (e.g., Mak 1982) in the system?
Implicit in the first question is the relevant forecast issue of what range of surface deepening can be anticipated for a given level of large-scale forcing. The second question stems from the observation that hurricane-like cores sometimes develop in storms associated with strong upper-level lows at higher latitudes, such as polar lows (Businger and Baik 1991) and occluded cyclones (Bosart 1981) . In the subtropics, where dewpoint temperatures are relatively high near the surface, it is reasonable to suppose that a signal from such a feature might appear in a statistical analysis (e.g., Roebber 1984) .
The average life span of a kona low was five days (Fig. 7) , with an average deepening of 6-mb during a 60-h intensification period. The lowest average minimum pressure was ϳ1006 mb. However, two kona lows deepened to less than 997 mb, which is significantly lower than the average. Upper-level lows without surface development had relatively high values of minimum sea level pressure, averaging 1014 mb.
To address the questions above, it is useful first to diagnose the impact of baroclinicity through quasigeostrophic forcing. A convenient form of the quasigeostrophic omega equation is available to assess the synoptic-scale vertical velocity in synoptic systems, which is proportional to surface deepening (Sutcliffe 1947; Trenberth 1978 
͑1͒
where is the static stability parameter, ١ is the twodimensional gradient operator, f 0 is the Coriolis parameter, p is pressure, is vertical motion, V g is the geostrophic wind, and is the geopotential height. The term on the left-hand side represents the threedimensional Laplacian of , the first term on the righthand side is the advection of vorticity by the thermal wind, and the second term on the right hand side is the deformation term. The Sutcliffe-Trenberth approach assumes that the deformation terms are relatively small and can be neglected. The advantage of this approach is that synoptic-scale vertical motion in the middle troposphere is approximately proportional to vorticity advection by the thermal wind and can be assessed from a single map. Martin (1998) demonstrates that the deformation terms are relatively small in the middle troposphere during the early stages of cyclogenesis. However, they become more important during the later (occluded/dissipating) stages. In this study, the focus is primarily on the cyclogenesis phase of kona lows. Therefore, the Sutcliffe-Trenberth approach is used to obtain a maximum positive vorticity advection by the thermal wind, alternatively, CTVA, for each map time.
The maximum values of CTVA may be slightly underestimated in the later stages of the kona low life cycle using the Sutcliffe-Trenberth approach (Martin 1998 ). However, this does not alter the overall conclusions of the analysis.
A characteristic of kona lows is that the CTVA maximum is located to the west of the surface low, which promotes the development of new convection to the west of older convective cloud bands (Fig. 8) (Morrison and Businger 2001) . During the mature and dissipating stages of the kona low, new deep convection may contribute to the westward propagation of the surface low through the hydrostatic impact of latent heating on sea level pressure. The maximum CTVA value was calculated every 6 h for the life cycle of the 70 events (Fig. 9) . At the time of the greatest surface deepening on average, there is a distinct CTVA maximum in the average for the 43 kona low cases. The maximum average value of CTVA is ϳ5.2 ϫ 10 Ϫ10 s Ϫ2 . Average values of CTVA continue to decline for the rest of the lows' lifetimes. The time series of average CTVA for lows without surface-low development does not show a distinct early maximum (Fig. 9) . The average value of maximum CTVA ranges from ϳ2.5 to ϳ3.5 ϫ 10 Ϫ10 s Ϫ2 at all times for the lows without surface development.
Statistical analysis
In this section, the range of surface deepening for a given level of large-scale forcing is explored. In addition, the presence or absence of signals in the deepening rate associated with convective activity is analyzed. Correlation coefficients were calculated for select variables to investigate their relationship with the deepen- ing rate. The data points were chosen at the time of the most rapid sea level pressure falls for all variables, for example, at the midpoint of the maximum 12-h pressure fall. The following equation was used to calculate the correlation coefficient.
͑2͒
where A and B are matrices of the same size, m and n are the dimensions of the matrices, and r is the correlation coefficient. Quenouille's (1952) method of reducing the effective number of degrees of freedom due to autocorrelation was used to test the significance of the correlation coefficient values.
Not surprisingly, CTVA shows a strong correlation with surface deepening (correlation coefficient of Ϫ0.72; see Fig. 10a ). The nearly linear relationship between the surface deepening and the maximum CTVA shown in Fig. 10a can serve as a useful guide for forecasters, allowing them to anticipate the deepening rate of kona lows, given accurate forecast or observed values of maximum CTVA.
As proxies for convective latent-heat release, lowlevel advection of moisture and the best lifted index (BLI) are analyzed. Fujita et al. (1970) used the BLI as a measure of how conducive the atmosphere is for deep convection. Similarly, low-level moisture advection has been linked to convective rainfall (e.g., Junker et al. 1999) . Areas of enhanced low-level moisture advection and negative values of BLI have been shown to coincide with areas of deep convection in kona lows (Morrison and Businger 2001) .
The absence of a correlation between low-level 
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equivalent potential temperature e advection and surface deepening is noteworthy (Fig. 10b) . Similarly, there is little correlation between BLI and surface deepening (Fig. 10c) . These results suggest that convection and latent-heat release play an important but secondary role in surface cyclogenesis, a point that will be returned to in the discussion part of section 5.
Conclusions and discussion
The occurrence of subtropical cyclones over the central North Pacific Ocean has a significant impact on Hawaii's weather and climate. In this study, 70 upperlevel lows that formed during the period 1980-2002 are documented. In each case, the low became cut off from the polar westerlies south of 30°N over the central Pacific, during the Hawaiian cool season (October-April). The objectives of this research are to document the interannual variability in occurrence, the locations of genesis, and the tracks, and to investigate physical mechanisms important in associated surface development. Principal conclusions of the research are summarized as follows.
• Forty-three of the 70 upper-level systems developed into kona lows, an average of ϳ2 per cool season.
• Twenty-seven of the 70 upper-level systems showed no surface development, an average of ϳ1 per cool season. • Significant interannual variability for all upper-level lows was found. Frequency statistics suggest that strong ENSO events influence the occurrence of upper-level and kona lows in the central North Pacific.
• Kona low formation is concentrated to the westnorthwest of Hawaii, especially during October and November, whereas lows without surface development are concentrated in the area to the eastnortheast of Hawaii.
• The location of storm genesis progresses eastward through the cool season, consistent with an eastward shift in the climatological position of the trough aloft during the cool season.
• Kona low life cycles average five days, reaching maturity in ϳ60 h, with a 6-mb drop in sea level pressure on average. • During kona low intensification, the storm motion is predominately southward. Following maturity, the storm motion becomes more westerly; 39 of the 43 kona lows had some westward motion.
• A CTVA maximum is associated with the period of greatest surface deepening. Lows without surface development were not accompanied by high values of CTVA. Statistical analysis shows that surface deepening is strongly correlated with CTVA. ) vs 24-h surface pressure change, and (c) BLI vs 24-h surface pressure change.
• As proxies for convective latent-heat release, lowlevel moisture advection and BLI show little correlation with surface deepening.
Kona lows show a pattern of significant interannual variability with the suggestion of a modulation by ENSO. Previous research has suggested that rainfall deficits in the Hawaiian Islands during the cool season are associated with El Niño events (Chu 1995 ). An enhanced Hadley circulation develops near the date line as a result of the eastward shift of the warm pool toward the equatorial central Pacific and increased convection with strong ascending motion just north of the equator. The Hadley circulation and the subtropical jet stream both support upper-level convergence and subsidence near the Hawaiian Islands, suppressing cyclogenesis and contributing to the dry conditions, as part of a larger Pacific-North America pattern (Horel and Wallace 1981) . Otkin and Martin (2004b) show that cyclogenesis is favored during periods of a weaker, zonally retracted Asian jet stream, which is a characteristic of strong La Niña events. The retracted Asian jet results in a favorable location for the southward-directed ageostrophic flow in the jet exit region to contribute to the formation of a north-south-oriented jet streak shown to be associated with kona low formation (Morrison and Businger 2001) . Otkin and Martin (2004a) did a linear statistical analysis of ENSO (as measured by the multivariate ENSO index) and the frequency of their kona storms and found little evidence of a correlation. It is known that the impact of El Niño is geographically sensitive. Therefore, the difference between their result and that presented here is likely due to the substantially larger geographic window used in their study (10°-40°N and 130°W-160°E) . The 10-yr period of their statistical study is short when compared with the typical ENSO cycle of 4 yr, impacting the reliability of their results (Panofsky and Brier 1968) .
An upper-level trough in a long-term height climatology reflects an area favored for cyclogenesis. A 30-yr climatology of 200-mb heights shows that an upperlevel trough in the mean height field is located northwest of the Hawaiian Islands during the month of October (Fig. 4a) . Upper-level lows that deepen and cut off from the westerlies during the autumn contribute to the location and strength of the mean trough. In February, a weak mean trough is only just discernable to the east of the Hawaiian Islands (Fig. 4b) , consistent with the reduced frequency of lows at this time. The eastward shift of the mean 200-mb trough is mirrored by the eastward progression of cyclogenesis.
The distribution of genesis locations and the tracks of the lows in this climatology have implications for forecasters. In the autumn, kona lows tend to be stronger and preferentially track to the west of Hawaii, placing the convectively active part of the storm during the mature phase near or over Hawaii. The potential for severe thunderstorms to impact Hawaii is greatest from these storms. Conversely in the winter, lows on average are weaker and form to the east of Hawaii, with a tendency for the weakening or dissipating stage of the low to track westward across the islands. High surf along northeast shores is a recurring hazard from these storms.
The vorticity centers of kona lows aloft and at the surface become vertically stacked during their mature stages and are nearly equivalent barotropic (Morrison and Businger 2001) . The track results presented here are consistent with the view that a weakening kona low behaves as an equivalent-barotropic vortex. Since the vortex at this stage is isolated from the westerlies to the north, the theory used to explain tropical cyclone motion may be applied to kona low motion. The beta-drift model predicts that the motion of a barotropic vortex is controlled by the advection of planetary vorticity. Higher planetary vorticity is advected south on the western side of the vortex, with lower planetary vorticity advected north on the eastern side. This results in the formation of counter-rotating gyres or beta gyres that are responsible for a secondary asymmetric circulation and northwestward propagation (Wang and Li 1992; Li and Wang 1994) . Morrison and Businger (2001) suggest that a Rossby wave dispersion approach provides a reasonable prediction of the zonal component of kona low motion. Westward motion in the latter stages of the kona low may reflect a steering influence of a background northeast trade-wind flow. Simpson (1952) analyzed 20 yr of data and found that 76 kona lows occurred. That total is almost double the number of kona lows (43) found in this study, which included 22 yr of data. The difference may reflect a change in the strength of the Hadley circulation over the central equatorial Pacific associated with a change in the climate (Hou 1998; Dai et al. 2001) . Alternatively, the difference may be due to the lack of upperlevel data during Simpson's study and his inclusion of lows not completely cut off from the polar westerlies. Determining the winds at 250 mb over the Pacific Ocean was difficult before the availability of satellite and aircraft data. Upper-level lows that do not become cut off from the polar westerlies are midlatitude frontal cyclones forming at lower latitudes and as such are distinct from kona lows, as defined in this study. The criteria of including only storms that became cut off from the midlatitude westerlies was also used in the broader study of subtropical cyclogenesis undertaken by Otkin and Martin (2004a,b) .
A specific focus of this research is an investigation of the difference between upper-level lows with surface cyclogenesis and upper-level lows without surface development. Maximum CTVA was the variable most closely related to surface deepening (e.g., Figs. 9 and  10a ). This finding is consistent with baroclinic theory (Sutcliffe 1947; Farrell 1984) and supports previous studies showing that kona lows are manifestations of baroclinic instability (Morrison and Businger 2001; Martin and Otkin 2004) . Since global models show the most skill at forecasting changes in the free-atmospheric height field, forecasters can use model output CTVA as a guide for anticipating the strength of surface cyclogenesis (e.g., Fig. 10a ). A cutoff upper-level low with a high value of CTVA (above 4 ϫ 10 Ϫ10 s Ϫ2 ) would be more likely to develop a surface cyclone than a low without high CTVA (below 3 ϫ 10 Ϫ10 s
Ϫ2
). Additionally, lows developing to the northwest of Hawaii during the favorable autumn season should receive special attention.
Positive e advection at low levels contributes to the destabilization of the troposphere and coincides with areas of deep convection in kona lows (Morrison and Businger 2001) . Latent heating associated with deep convection results hydrostatically in a decrease in sea level pressure. However, static stability (BLI) and advection of low-level moisture are found to correlate poorly with surface deepening. These results suggest that to first order, upper-level forcing drives kona low formation. Baroclinic instability in the middle and upper troposphere organizes the convection and latentheat release, which play a secondary role in surface cyclogenesis. However, that is not to suggest that latent-heat release is not a critical factor in cyclogenesis. Numerous studies have shown its importance in baroclinic systems (e.g., Gall 1976; Mak 1982; Martin and Otkin 2004) . Rather, the results suggest that the availability of low-level moisture is not a limiting factor in the surface development in kona lows. This finding may not be so surprising when one considers that the marine boundary layer over the subtropical ocean contains on average ϳ25 mm of precipitable water (Foster et al. 2003) , which provides ample moisture for deep convection when dynamically lifted in a developing kona low.
The subtropical central North Pacific Ocean was the focus area of this research. However, subtropical cyclones are not limited to the Pacific Ocean basin. Similar storms have been documented in the Atlantic (Simpson 1952; Hebert and Poteat 1975) . It is suggested that some of the results presented here could be generalized to Atlantic subtropical cyclones.
